Abstract: Kinetics of Pd(II) catalyzed oxidation of valine has been studied by N-bromophthalimide (NBP) , ionic strength (I) and dielectric constant of the medium did not bring about any significant change on the rate of reaction. The rate constants observed at five different temperatures (298 K-318 K) were utilized to calculate the activation parameters. A plausible mechanism has been proposed from the results of kinetic studies, reaction stoichiometry and product analysis.
INTRODUCTION
The versatile nature of N-halogeno compounds is due to their ability to act as sources of halonium ions, hypohalite species and nitrogen anions which act as both bases and nucleophiles. N-halocompounds have been used widely as oxidizing and halogenating reagent in organic compounds [1] [2] [3] [4] [5] . N-halocompounds, a group of mild oxidizing agents, have been extensively used for catalyzed [6] [7] [8] and uncatalyzed [9] [10] [11] [12] oxidation of variety of organic compounds. Nbromophthalimide (NBP) has recently been developed as an oxidimetric titrant for the determination of certain pharmaceuticals by Abou Ouf et al. [13, 14] . Literature survey revealed that scanty work has been done on NBP [15] [16] [17] which is extremely stable in solid state in the absence of light and moisture. The study of amino acids is one of the most exciting fields of organic chemistry. Amino acid plays a significant role in a number of metabolic reactions like biosynthesis of polypeptide, protein and nucleotides. Thus the mechanism of analogous non-enzymatic chemical processes in the oxidation of amino acids is a potential area for intensive investigation [18] . However there are only few reports available for the oxidation of valine [19, 20] by various organic and inorganic oxidants.
Recently, the use of platinum group metal ions such as osmium, ruthenium and iridium either alone or binary mixtures, as catalyst in various redox processes has been attracted considerable interest [21] . Compounds of transition metal ions [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] have been extensively used as homoge-*Address correspondence to this author at the Department of Chemistry, Govt. V.Y.T. PG. Autonomous College Durg (C.G.), India; Tel: +917882223421; E-mail: ajayaksingh_au@yahoo.co.in nous catalysts. An extensive literature survey reveals that no report available on the oxidation kinetics of valine in the presence of Pd(II). Hence we felt it would be worthwhile to investigate the oxidative behavior of N-bromophthalimde (NBP) with valine to explore the kinetics and mechanistic aspects of the Pd(II) chloride catalyzed reaction. This study will enable to understand the complicated biological reaction in living systems and will also help to understand the catalytic activity of Pd(II) along with oxidative capacity of NBP in acidic medium.
EXPERIMENTAL

Material
Analytical reagent grade chemicals and triple distilled water were used throughout the investigation. The solution of NBP (Lancaster, 98%) was prepared in 80% acetic acid and stored in a black-coated flask to prevent any photochemical deterioration. The prepared solution of NBP was standardized by reported method [38] . The Pd(II) chloride solution was prepared by dissolving a known weight of palladium (II) chloride (S.D. fine) in HCl of known strength and stored in a black coated bottle to prevent any photochemical deterioration. Standard solution of valine, KCl, NaClO 4 and phthalimide were prepared with triple distilled water. Mercuric acetate (Loba chem., Mumbai, India) solution was acidified with 20% acetic acid and perchloric acid (GR) was diluted with triple distilled water for the present investigation.
Stoichiometry and Product Analysis
Different ratios of NBP to valine were equilibrated at 303 K(±0.1) in the presence of requisite amount of perchloric acid, mercuric acetate and acetic acid under the condition of [NBP]>> [valine] for 72 h. Determination of unconsumed NBP revealed that more than two moles of NBP were required for the oxidation of each mole of valine as in the following equation.
Valine + 2.4 NBP Products
The products were identified as a mixture of nitrile, aldehyde and trace of ammonia. Nitrile aldehyde and ammonia were identified by the color reaction with hydroxylamine and iron (III) chloride [39] , by Schiff , s reagent and by Nessler , s reagent respectively. The consumption of more than two moles of NBP per mole of amino acid may be due to the reaction of ammonia with NBP and may also be due to the further oxidation of aldehyde.
Test for Free Radicals
To test the presence of free radicals in the reaction, the reaction mixture with acrylamide was placed in an inert atmosphere for 24 hrs. When the reaction mixture was diluted with methanol, no precipitate was formed in the reaction mixture. This clearly showed that free radicals are not involved in the redox reaction under investigation.
Kinetic Measurements & Results
All the kinetic measurements were carried out in a blackcoated vessels at 303K(±0.1) and performed under pseudo first order condition with [valine]>> [NBP] . The reaction was initiated by the rapid addition of known amounts of preequilibrated valine to reaction mixture containing the required amount of NBP, perchloric acid, palladium (II) chloride, mercuric acetate, acetic acid and water in glass stoppered pyrex boiling tubes, thermostated at same temperature. The progress of reaction was monitored by iodometric determination of unconsumed [NBP] (Fig. 1) . The pseudo first order rate constant k 1 was calculated as
[NBP]* Each kinetic run was studied for two half lives of the reaction. The observed rates of reaction were reproducible within ± 5% in replicate kinetic run. The order of reaction in each reactant was determined with the help of log-log plot of (-dc/dt) vs concentration of reactant. For the determination of the order of reaction with respect to each reactant, the help of Ostwald's isolation methods in conjuction with Van Table  1 found to be nearly the same for all concentrations of valine, exhibiting zero order kinetics with respect to valine ( (Fig. 3, Table 2 ) and the ionic strength of the medium did not affect the rate significantly, indicating involvement of a non-ionic species in the rate determining step. Subsequently the ionic strength of the reaction mixture was not kept constant for kinetic runs. There is no significant effect of increase in concentration of mercuric acetate and phthalimide on rate of reaction. Rate studies were carried out with acetonitrile in different composition (5%-40 % by volume) in reaction mixture, thereby varying the dielectric constant of the medium. It was found that there is no significant effect of dielectric constant of the medium on the rate of reaction. It was observed that acetonitrile was not oxidized by NBP under the experimental conditions. To determine the activation parameters, the reaction was performed at five different temperatures (298-318K) (Fig. 4 , Table 3 ). Arrhenius plot of log k 1 vs 1/T was used to calculate activation energy (Ea). On the basis of Ea and with the help of specific rate constant (k r ), values of the other activation parameters such as enthalpy of activation ( H # ), entropy of activation ( S # ), Gibb's free energy of activation ( G # ) and frequency factor (A) were evaluated ( Table 3) . Table 1 
DISCUSSION
The chemistry of amino acids consist transformation of functional groups already present in these molecule. However, their ions intact with hydrocarbon moieties have not been subjected to chemical reaction and the reason for this is obviously the high reactivity of the functional groups relative to inertness of the hydrocarbon chain. The -amino acid is known to exist in the following equilibria in aqueous solution. In fact, under the experimental conditions the concentration of anion-form will be very low and the possibility of its participation in the reaction will be least. The possible reactive reducing species may either be the cationic-form or zwitter-ionic form of amino acid. Further, considering (S + H) as the main reactive species the rate law deduced would show a first order dependence in [H + ] contrary to our experimental results. Thus, the only possible active species controlling the rate of oxidation seems to be the zwitter ion (S o ). Hence, (S o ) is the main active species was proposed in the following reaction scheme. Under the present experimental conditions, valine exists in the form of zwitter ionic species, (S o ), to an extent of 63%, the remaining 37% being present in the protonated form, (S + H). The result of oxidation of amino acid by NBP has revealed that reaction has identical kinetics with respect to NBP, several experiment have been carried out with mercuric acetate in the absence of oxidant and was found that reaction did not proceed, this showed that mercuric acetate did not act as an oxidant. Similar reaction was performed in the presence of NBP without catalyst; the reaction did not proceed, suggesting that mercuric acetate only acts as a Br -ion scavenger in the form of [HgBr 4 2-].
Reactive Species of NBP
It has been reported earlier by several workers [40] [41] [42] [43] [44] is taken as reactive species, the rate law obtained shows first order kinetics with respect to hydrogen ion concentrations, contrary to our observed negative fractional order in [HClO 4 ]. Therefore, the possibility of (H 2 OBr) + and cationic bromine (Br) + as reactive species is ruled out. When HOBr is assumed as the reactive species, the derived rate law failed to explain negligible effect of phthalimide. Hence neither of these species can be considered as the reactive species. Thus, only choice left is NBP, which when considered as the reactive species, leads to a rate law capable of explaining all the kinetic observations and other effects. Hence in the light of kinetic observation, NBP can safely be assumed to be the main reactive species for the present reaction. [45] . In most of the studies using Pd(II) as a homogenous catalyst; it has been employed in the form of Pd(II) chloride. Palladous chloride [37] is insoluble in aqueous solution but is dissolved in the presence of Cl -. Elding [46] 2-is also reported by Ayers [47] . In the present investigation, reaction is influenced by Cl -ions, therefore [PdCl 3 ] -may be considered as reactive species of the Pd(II).
Reactive Species of Pd(II) Chloride
On the basis of the mechanism in scheme 1 and considering the fact that 1 mole of valine is oxidized by 2 moles of NBP. The rate in term of decrease in concentration of NBP can be expressed as:
On the basis of equilibrium steps (I) to (VI), eq. (2) to (7) can be obtained in the following forms, respectively:
where [
With the help of Eq. (7) and (1) we can write Eq. (8) as
At any moment of the reaction, the total concentration of [Pd(II)], i.e. [Pd(II)] T can be shown as
On substituting the value of [C 2 ], [C 3 ] and [C 4 ], we get Eq. (10)
[ (Fig. 5) on one hand proves the validity of the rate law (12) and on the other hand the proposed reaction scheme, on the basis of which the rate law (12) (12) and hence the proposed reaction scheme.
Effect of Ionic Strength & Dielectric Constant of the Medium
The ionic strength (I) of the medium on the reaction rate has been described according to the theory of Bronsted and Bjerrum [48] , which postulates the reaction through the formation of an activated complex. According to this theory, the effect of ionic strength on the rate for a reaction involving two ions is given by the relationship: ionic strength showed negligible effect on the rate of oxidation, suggesting the involvement of a non-ionic species in the rate determining step.
The change in dielectric constant (D) of the medium has been made by addition of acetonitrile to the reaction mixture. It was found that no reaction of the solvent occurs with the oxidant under experimental conditions. It is clear from the Table 2 that, rate constant values almost constant with the decreasing in D of the medium also supports the validity of reaction scheme.
In the present study, acetonitrile was used to study the effect of dielectric constant of the medium by varying the solvent composition. It is necessary to verify whether acetonitrile is oxidized by NBP under our experimental condition or not? In order to ascertain the real role of acetonitrile few experiments were performed by taking acetonitrile as organic substrate in place of valine under our experimental condition and it has been found that the acetonitrile is not oxidized by NBP. Thus, the observed rate of reaction with the addition of acetonitrile in reaction mixture is only due to the change in the dielectric constant of the medium.
Role of Entropy of Activation and Other Activation Parameters
Entropy of activation plays an important role in the case of reaction between ions or between an ion and a neutral molecule or a neutral molecule forming ions. When reaction takes place between two ions of opposite charges, their union will results in a lowering of net charge, and due this some frozen solvent molecules will released with an increase of entropy. But on the other hand, when reaction takes place between two similarly charged species, the transition state will be a more highly charged ion, and due to this, more solvent molecules will be required for separate the ions, leading to a decrease in entropy. On the basis of this information, oxidation of valine in the presence of Pd(II) chloride observed positive entropy of activation ( S # ) very well supports the reaction step shown in proposed scheme, where the most reactive species [PdCl 3 (NBP)(OH)] 2-, is formed by the interaction of charged species, [PdCl 3 NBP] -and a neutral molecule, H 2 O. The proposed mechanism is also supported by the moderate values of energy of activation and other thermodynamic parameters. The fairly high positive values of the free energy of activation and of enthalpy of activation suggest that the transition state is highly solvated. A reaction scheme proposed for the oxidation of valine well supports from the order of frequency factor (A) and values of free energy of activation ( G # ) for the redox system.
CONCLUSION
In the light of kinetic observations for the catalytic effect Pd(II) on the oxidation of valine by NBP has been studied in acidic medium. Oxidation of valine by NBP do not proceed in the absence of catalyst, but it becomes facile in the presence of Pd(II) catalyst. The reactive species of oxidant and catalyst have been identified. Oxidation products were identified and activation parameters were evaluated. The observed results have been explained by a plausible mechanism and the related law has been deduced. Therefore, it can be concluded that Pd(II) acts as an efficient catalyst for the oxidation of valine.
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